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MASTER AUTOMATION SERVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] Embodiments of the present invention generally 
relate to managing computing resources. More speci?cally, 
embodiments of the invention provide a virtual template ser 
vice used to dynamically control the con?guration and/or 
state of multiple data center systems simultaneously. 
[0003] 2. Description of the Related Art 
[0004] Generally, in a virtualized computing environment, 
such as a data center hosting thousands of computing servers, 
virtual machine instances (V Ms) are con?gured to run on one 
or more host computers. Each virtual machine uses CPU and 
memory resources of a host computer and runs its own oper 
ating system and application programs. Doing so allows each 
virtual machine to appear to operate as a separate, stand-alone 
computing system. An administrator of the virtualized envi 
ronment can designate the amount of CPU and memory 
resources provisioned for each of the virtual machines on a 
host computer. In some virtualized environments, adminis 
trative tools are used to start, stop, and con?gure each virtual 
machine instance individually. Further, administrative tools 
may monitor resource usage on different host computers and 
provide load-balancing services at a level of virtual machine 
instances. Such software migrates virtual machines from one 
host computer to another, e.g., from a busy host computer to 
one that has excess capacity. 

[0005] While managing the virtual and physical computing 
systems, along with the associated networking and storage 
systems hardware in a data center, it is often necessary to do 
a mass con?guration update or to individually send the same 
command to multiple devices (whether physical or virtual 
devices). For example, enterprise solutions/applications 
today often include multiple virtual machines con?gured 
with common characteristics, e.g., a group of virtual 
machines may share a common operating system (OS), net 
working con?guration, e.g., subnet, domain, and DNS 
assignments, and applications. 
[0006] To provide a web-service, for example, one group of 
VMs having one con?guration could provide web servers, 
while a second group could provide application servers, and a 
third could provide database systems. Further, each group 
could be con?gured to be part of a distinct subnet within the 
data center network. If the subnet needs to be changed for one 
of these groups, however, each machine in that group must be 
recon?gured individually or a one-off script composed to 
make the change to the affected group. Similarly, assume the 
web-server application is upgraded and requires changes to 
the con?guration of the virtualized CPUs in the second group 
of VMs (e. g., to provide more dedicated processing capabili 
ties). In such a case, each virtual machine in the web-server 
group would have to be recon?gured individually or a scripts 
written to perform this speci?c operation. A variety of other 
con?guration requirements or administrative operations fre 
quently need to be performed across multiple virtual 
machines, hypervisors managing the virtual machines on a 
given host, or the con?guration of the hosts themselves. A 
similar issue arises for other data center computing resources. 
For example, a group of networking switches (physical or 
virtual) or other networking infrastructure within a data cen 
ter may need to be updated with the same con?guration 
changes. 
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[0007] In each of these cases, a variety of administrative 
applications may be used to individually con?gure (and 
recon?gure) each virtual machine, or other data center com 
puting resource. However, doing so can require requires sub 
stantial time to complete a simple change. 

SUMMARY OF THE INVENTION 

[0008] Embodiments presented herein include a method 
for managing computing resources. This method may gener 
ally include monitoring a designated computing resource for 
an occurrence a speci?ed command to be performed by the 
designated computing resource. Upon determining the com 
mand has been sent to the designated computing resource, 
one or more computing resources linked to the designated 
computing resource may be identi?ed. Additionally, the 
speci?ed command is performed on each of the one or more 
computing resources linked to the designated computing 
resource. 

[0009] Other embodiments include, without limitation, a 
computer-readable medium that includes instructions that 
enable a processing unit to implement one or more aspects of 
the disclosed methods as well as a system having a processor, 
memory, and application programs con?gured to implement 
one or more aspects of the disclosed methods. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] So that the manner in which the above recited fea 
tures of the present invention can be understood in detail, a 
more particular description of the invention, brie?y summa 
rized above, may be had by reference to embodiments, some 
of which are illustrated in the appended drawings. It is to be 
noted, however, that the appended drawings illustrate only 
typical embodiments of this invention and are therefore not to 
be considered limiting of its scope, for the invention may 
admit to other equally effective embodiments. 
[0011] FIG. 1 illustrates an integrated computing platform 
con?gured for providing a virtualized environment, accord 
ing to one embodiment. 
[0012] FIG. 2 illustrates a master automation system con 
?gured to replicate changes made to a master object to a set of 
linked computing resources, according to one embodiment. 
[0013] FIG. 3 illustrates a reference example of a virtual 
machine instance used as a virtual template for a set of linked 
virtual machine instances, according to one embodiment. 
[0014] FIG. 4 illustrates a method for con?guring a master 
object to use for replicating con?guration and/ or state 
changes to a set of linked computing resources, according to 
one embodiment of the present disclosure. 
[0015] FIG. 5 illustrates a method for replicating changes 
made to a master object to a group of linked computing 
resources, according to one embodiment. 
[0016] To facilitate understanding, identical reference 
numerals are occasionally used to designate common ?gure 
elements. It is contemplated that elements disclosed in one 
embodiment may be bene?cially used in other embodiments 
without speci?c recitation. 

DETAILED DESCRIPTION 

[0017] Embodiments of the invention provide a mechanism 
to manage virtual machine instances (VMs) and other com 
puting and network infrastructure within a data center. In one 
embodiment, a user designates a computing device or 
resource (whether physical or virtual) as a master automation 
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object. The administrator then establishes an association 
between the master object and a set of physical and/or virtual 
computing resources that should replicate a set of designated 
commands sent to the master object. An automation service 
then intercepts/ observes commands sent to the master object 
and sends the intercepted/ observed commands to each com 
puting device linked to the master object. The command itself 
may be initiated by a user in a variety of ways, including, e. g., 
command line interaction (CLI), function calls, GUI input 
(mouse movement/ clicks), procedure calls, message han 
dling, script input/execution/output, etc. 
[0018] The operations may be tailored to the particular 
computing resource used as a master object. However, 
examples include initiating a snapshot operation for a group 
of virtual machines; updating a DNS setting of a broad group 
of computing resources (e.g. VM instances physical hosts, 
routers switches, etc.; sending a revert snapshot operation to 
a group of virtual machines; and creating or con?guring a 
VLAN in multiple network switches. 
[0019] In one embodiment, the master object and the set of 
linked objects are of the same general type and con?guration, 
e.g., a virtual machine instance designated as a virtual tem 
plate for a group of linked virtual machine instances sharing 
a common guest operating system and virtualization con?gu 
ration. However, in some cases, operations may be performed 
against different computing resource types (e. g., setting DNS 
entries on a variety of computing resources). For example, a 
switch associated with a virtual template may support some 
of the same commands or con?guration settings made to the 
virtual template (e.g., creating or con?guration a VLAN on 
multiple network switches and virtual machine hosts). Thus, 
the set of commands replicated by the virtual template service 
may be tailored for compatibility with the linked computing 
resources 

[0020] For example, in one embodiment, a VM instance 
may be designated as a master objectialso referred to as a 
virtual templateiand a group of virtual machines may be 
linked to the virtual template. Once linked, any changes made 
to the virtual template are replicated to the group of linked 
VMs. The actual command or operation is performed on the 
virtual template machine using a variety of available con?gu 
ration and management tools. In this embodiment, a virtual 
template service is responsible for observing and replicating 
con?guration changes to the rest of the virtual machines (and 
other data center systems) linked to the virtual template. 
[0021] Continuing with the example of a virtual template, 
an administrative tool allows a user to designate a selected 
VM to serve as the virtual template. In one embodiment, the 
virtual template is a VM instance with no allocated storage or 
memory, as changes to these resources are not replicated to 
any linked VM. In contrast however, the network and virtu 
alization con?guration on the VM instance designated as the 
virtual template should generally match a desired con?gura 
tion on the linked set of virtual machines. The virtual template 
is then registered with a virtual template service. The admin 
istrator also registers a group of one or more VM instances (or 
other computing resources) with the virtual template service. 
The administrator also speci?es a set of operations, which, 
when performed on the virtual template, should also be per 
formed on the linked VMs. 

[0022] Note, a given VM may be linked to multiple virtual 
templates. Similarly, one virtual template may be linked to 
another, allowing cascading changes to be performed against 
groups of linked VMs. In one embodiment, the virtual tem 
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plate service also includes a discovery component con?gured 
to identify candidate VMs to include in the linked set of 
virtual machines. 
[0023] The virtual template service is generally con?gured 
to intercept (or observe) operations made to the virtual tem 
plate and also to then propagate such changes to (or execute 
the same command on) the virtual machines linked to the 
virtual template. For example, assume a snapshot operation is 
performed on the virtual template. In such a case, the virtual 
template service intercepts the operation (which is performed 
against the template). The same snapshot operation is then 
performed against each VM linked to the virtual template. As 
another example, assume an operation is performed to add a 
virtual network interface card to the virtual template. In such 
a case, the virtual template service intercepts this operation 
and performs an add network interface card on each virtual 
machine linked to the template. 
[0024] More generally, commands may be performed 
against (i) the virtual machine container, such as a snap shot or 
revert operation or (ii) the virtual machine itself, such as 
changing certain con?guration settings, e.g., changes to a 
networking subnet, DNS or other service addresses, or 
changes to components exposed to the guest operating sys 
tem. In the example of a virtual template and linked virtual 
machines, the operations may include creating a snapshot a 
VM, reverting to a prior snapshot, adding/ removing network 
components, joining or exiting a domain, powering on/ off or 
reboot, running other administrative commands on aVM, etc. 
When a command is performed to the virtual template, that 
same operation is also performed on each linked VM auto 
matically. Of course, some operations are not replicated, e. g., 
a change to the IP address of the virtual template is not 
replicated to the linked virtual machines. 
[0025] The process for other data center hardware or virtu 
alized computing resources is similar. For example, a switch 
(physical or virtual) may be designated as a master object for 
command replication to linked objects. A group of data center 
switches that should share certain con?guration or state set 
tings may be linked to the one designated as being the master 
object. Thereafter, certain commands performed to the master 
switch are replicated to each linked switch. 

[0026] In the following, reference is made to embodiments 
of the invention. However, the invention is not limited to 
speci?c described embodiments. Instead, any combination of 
the following features and elements, whether related to dif 
ferent embodiments or not, is contemplated to implement and 
practice the invention. Furthermore, although embodiments 
of the invention may achieve advantages over other possible 
solutions and/or over the prior art, whether or not a particular 
advantage is achieved by a given embodiment is not limiting 
of the invention. Thus, the following aspects, features, 
embodiments and advantages are merely illustrative and are 
not considered elements or limitations of the appended claims 
except where explicitly recited in a claim(s). Likewise, refer 
ence to “the invention” shall not be construed as a generali 
zation of any inventive subject matter disclosed herein and 
shall not be considered to be an element or limitation of the 
appended claims except where explicitly recited in a claim(s). 
[0027] Aspects of the present invention may be embodied 
as a system, method or computer program product. Accord 
ingly, aspects of the present invention may take the form of an 
entirely hardware embodiment, an entirely software embodi 
ment (including ?rmware, resident software, micro-code, 
etc.) or an embodiment combining software and hardware 
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aspects that may all generally be referred to herein as a “cir 
cuit,” “module” or “system.” Furthermore, aspects of the 
present invention may take the form of a computer program 
product embodied in one or more computer readable medium 
(s) having computer readable program code embodied 
thereon. 

[0028] The ?owchart and block diagrams in the Figures 
illustrate the architecture, functionality and operation of pos 
sible implementations of systems, methods and computer 
program products according to various embodiments of the 
present invention. In this regard, each block in the ?owchart 
or block diagrams may represent a module, segment or por 
tion of code, which comprises one or more executable 
instructions for implementing the speci?ed logical function 
(s). In some alternative implementations the functions noted 
in the block may occur out of the order noted in the ?gures. 
For example, two blocks shown in succession may, in fact, be 
executed substantially concurrently, or the blocks may some 
times be executed in the reverse order, depending upon the 
functionality involved. Each block of the block diagrams 
and/ or ?owchart illustrations, and combinations of blocks in 
the block diagrams and/or ?owchart illustrations can be 
implemented by special-purpose hardware-based systems 
that perform the speci?ed functions or acts, or combinations 
of special purpose hardware and computer instructions. 
[0029] Embodiments of the invention may be provided to 
end users through a cloud computing infrastructure. Cloud 
computing generally refers to the provision of scalable com 
puting resources as a service over a network. More formally, 
cloud computing may be de?ned as a computing capability 
that provides an abstraction between the computing resource 
and its underlying technical architecture (e.g., servers, stor 
age, networks), enabling convenient, on-demand network 
access to a shared pool of con?gurable computing resources 
that can be rapidly provisioned and released with minimal 
management effort or service provider interaction. Thus, 
cloud computing allows a user to access virtual computing 
resources (e. g., storage, data, applications, and even complete 
virtualized computing systems) in “the cloud,” without regard 
for the underlying physical systems (or locations of those 
systems) used to provide the computing resources. A user can 
access any of the resources that reside in the cloud at any time, 
and from anywhere across the Internet. In context of the 
present invention, a cloud based application may be con?g 
ured to allow a user to designate a virtual machine instance (or 
other computing resource) as a master object as well as des 
ignate a group of other computing resources (e.g., a group of 
virtual machines hosted by a cloud based service) to which 
any commands sent to the master object should be replicated. 
[0030] Also note, for convenience, some embodiments are 
described herein using a virtual machine designated as a 
virtual template as a reference example of a master object. 
However, one of ordinary skill in the art will recognize that 
embodiments of the invention may be adapted for use with a 
broad variety of physical and/ or virtual computing resources 
within a data center including, e. g., physical servers, hosting 
other VMs, physical servers generally, network infrastruc 
ture, e.g., routers and switches, etc. 
[0031] FIG. 1 illustrates an integrated computing platform 
102 con?gured to provide a virtualized environment, accord 
ing to one embodiment of the present disclosure. An admin 
istrator 150 desires to deploy the integrated computing plat 
form 102 within an existing computing environment (e.g., 
data center 100). The data center 100 may include a plurality 
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of servers (illustrated as servers 1041, 1042, 104M) that run 
one or more services 106. The servers 104 may include con 

ventional computing components (e.g., processor, memory, 
storage) or may be virtual machines (V Ms) executing on such 
physical hardware. The services 106 running on the servers 
104 provide applications to users including, e.g., directory 
services, web server, database server, accounting, application 
serving, ?le management, storage, backup services, etc. As 
described in detail below, the administrator may wish to 
deploy the integrated computing platform 102 such that 
physical and virtual resources (e.g., VMs) running inside of 
the integrated computing platform 102 may communicate 
with the services 106 of the existing data center 100. 

[0032] As shown, the computing platform 102 includes a 
physical infrastructure 110 con?gured to support a virtual 
ized infrastructure 120. In the embodiment shown in FIG. 1, 
physical infrastructure 110 includes hardware resources, 
such as servers 1161 to 116N (sometimes referred to as 
“hosts”) and one or more storage array networks (SAN), such 
as SAN 118, connected by a network 114. The virtualized 
infrastructure 120 may include a virtualization environment 
124 which itself includes one or more virtual machines 140. 
The computing platform 102 may be connected to other com 
puting systems, such as workstations, personal computers, 
data center servers, via a network 128, such as the Internet. In 
one embodiment, components of the computing platform 102 
(e.g., servers, network, storage, software, etc.) may be orga 
nized into a single integrated framework sometimes referred 
to as “converged infrastructure.” The components of the com 
puting platform 102 provide a pool of virtualized server, 
storage, network resources shared by multiple applications 
and/or organizations within an enterprise. 
[0033] In one embodiment, the physical infrastructure 110 
may be organized into a “computing-block” based infrastruc 
ture, wherein physical infrastructure units are characterized 
by repeatable units of construction having similar perfor 
mance, operational characteristics, and discrete requirements 
of power, space, and cooling that facilitate rapid deployment, 
integration, and scalability. For example, the “computing 
block” may dynamically provision hardware resources based 
on performance demands placed on the physical infrastruc 
ture 110. One example of physical infrastructure 110 is a 
VblockTM System available from the VCE Company, LLC. 
[0034] The physical infrastructure 110 also includes an 
infrastructure manager 112 con?gured to manage the con 
?guration, provisioning, and policy compliance of the physi 
cal infrastructure 110. Infrastructure manager 112 provides 
an interface to manage the provisioning of hardware 
resources (e.g., computing, networking, storage). In one 
embodiment, the infrastructure manager 1 12 may be included 
in each unit of physical infrastructure 110 to manage the 
con?guration, provisioning, and compliance of each distinct 
computing block. The infrastructure manager 112 may sim 
plify deployment and integration into IT service catalogs and 
work?ow engines, and dramatically simpli?es computing 
block platform deployment by abstracting the overall provi 
sioning while offering granular access to individual compo 
nents for troubleshooting and fault management. 
[0035] In one embodiment, the infrastructure manager 112 
may include a con?guration including a list of IP address and 
system credentials to assign newly provisioned systems. The 
platform manager 130 and/or the virtualized infrastructure 
120 may connect to and communicate with the infrastructure 
manager 112 of the physical infrastructure 110 to manage 
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and/ or con?gure the physical infrastructure 110. One 
example of an infrastructure manager includes EMC lonix 
Uni?ed Infrastructure Manager (UIM) available from EMC 
Corporation. Similarly, the network 114 may include a net 
work manager con?gured to con?gure network devices (e.g., 
switches, routers) and manage addressing, subnets, virtual 
local area networks (V LANs), and other network con?gura 
tions. One example of a network manager includes a Cisco 
Switch accessible via a Cisco IOS CLI available from Cisco 
System, Inc. 
[0036] The virtualized infrastructure 120 includes a virtu 
alization environment 124 con?gured to simulate (i.e., to 
virtualize) conventional components of a computing device, 
e.g., a processor, system memory, a hard disk drive, for 
executing one or more virtual machines 140. For example, 
each virtual machine 140 may include a virtual processor and 
a virtual system memory con?gured to execute an applica 
tion. In one example implementation of an embodiment simi 
lar to that of FIG. 1, virtualization environment 124 may be 
implemented by running VMware vSphere®- or VMware 
ESX®-based hypervisor technologies on servers 1161 to 116” 
provided by VMware, Inc. of Palo Alto, Calif. (although it 
should be recognized that any other virtualization technolo 
gies, including Xen® and Microsoft Hyper-V virtualization 
technologies may be utilized consistent with the teachings 
herein). As described above, a hypervisor application may 
provide a foundation for building and managing a virtualized 
IT infrastructure, such as the virtualized infrastructure 120. 
The hypervisor may abstract processor, memory, storage and 
networking resources into multiple virtual machines that run 
unmodi?ed operating systems and applications. 
[0037] In one embodiment, a virtualization manager 122 
provides software application used to manage the virtualized 
infrastructure 120. The virtualization manager 122 may pro 
vide end-to-end datacenter management through a set of APIs 
that enable integration with third-party management tools. 
The virtualization manager 122 may be con?gured to manage 
provision of VMs 140 within the virtualized infrastructure 
120 and to con?gure VMs 140 with computing, network, and 
storage con?gurations suitable for interoperability with other 
VMs 140 within the virtualized infrastructure 120. One 
example of the virtualization manager 122 may be the 
VMware vCenter virtualized management platform from 
available from VMware, Inc. 
[0038] As shown, the computing platform 102 also 
includes a platform manager 130 connected to the virtualized 
infrastructure 120 and physical infrastructure 110 by the 
communications network. The platform manager 130 is con 
?gured to provision and con?gure resources from physical 
infrastructure 110 and virtualized infrastructure 120 for use in 
deploying an application within the computing platform 102. 
For example, if virtualized infrastructure 120 requires addi 
tional VMs to scale a currently running application during 
peak traf?c, platform manager 130 can coordinate with the 
virtualization manager 122 to instantiate additional virtual 
machines to support such needs and con?gure the instantiated 
virtual machines with network settings matching those exist 
ing virtual machines. 
[0039] Further, in context of the present invention, the plat 
form manager 130 may include an automation service com 
ponent, described in detail below. Such a component may 
provide one or more software applications used to designate 
a master object, e.g., a virtual machine instance to designate 
as a virtual template, designate computing resources (e.g., 
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VMs) to link (or unlink) to the master object, and to specify 
what commands or operations, when carried out on the master 
object, should be replicated to the group of linked computing 
resources. A detailed example of an automation service com 
ponent is described below relative to FIGS. 2 and 3. 

[0040] As shown, the platform manager 130 includes a 
resource discovery service 132 con?gured to identify 
resources (e.g., servers 104, services 106) that are of interest 
to the system administrator 150 seeking to connect the newly 
deployed computing platform 102 with the rest of the data 
center 100. In some embodiments, the resource discovery 
service 132 may identify network switches and blades of 
network 108 that have to be con?gured to allow communica 
tion between the computing platform 102 and the rest of 
existing data center 100. In context of the present disclosure, 
the resource discovery service may identify VMs and other 
computing resources in data center 100, that are compatible 
with a given master automation object. For example, the 
resource discovery service 132 may be con?gured to identify 
VMs that may be linked to a given virtual template. SuchVMs 
may be identi?ed using any suitable criteria. 
[0041] In one embodiment, the platform manager 130 is 
con?gured to generate an infrastructure template 138 based 
on the resources identi?ed by the resource discovery service 
132. The infrastructure template 138 includes infrastructure 
parameters that describe the existing computing environment 
(e.g., data center 100) in which the integrated computing 
platform 102 is being deployed. Examples of infrastructure 
parameters speci?ed by the infrastructure template 138 
include: VLAN identi?ers that the network 114 of the com 
puting platform 102 should use for communicating with the 
network 108 of the existing data center 100, IP addresses of a 
DNS service running within the data center 100, and a range 
of IP addresses, subnet masks, and gateway IP address to be 
assigned to VMs 140 of the computing platform 102. In some 
embodiments, the infrastructure template 138 may be gener 
ated speci?c to an application deployed within the computing 
platform 102. As such, the infrastructure parameters con 
tained in the infrastructure template 138 may address speci?c 
con?gurations, settings, and information needed by the appli 
cation executing within the computing platform 102. 
[0042] In some embodiments, the platform manager 130 
may be con?gured to import and export infrastructure tem 
plates 138 so that the infrastructure templates 138 may be 
easily transferred between other instances of converged infra 
structure (e.g., computing platform 102). The platform man 
ager 130 may also import and export of infrastructure tem 
plates 138 to backup known con?gurations and settings of the 
computing platform 102, test and deploy a known infrastruc 
ture template 138, and perform other such administrative 
tasks. 

[0043] In one embodiment, the platform manager 130 
includes a resource con?guration service 134 for con?guring 
physical resources and virtual resources of the computing 
platform 102 based on an infrastructure template 138. For 
example, the resource con?guration service 134 may con?g 
ure the network switches and blades based on the infrastruc 
ture template 138 to allow communication between the con 
verged infrastructure (e. g., computing platform 102) and the 
existing data center 100. In another example, the resource 
con?guration service 134 may con?gure network interface 
cards (N ICs) of VMs 140 running within the computing plat 
form 102 based on infrastructure parameters of the infrastruc 
ture template 138. Further, when used to con?gure certain 
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parameters of an network interface (e.g., a DNS address set 
ting) of a virtual machine designated as a virtual template, the 
automation component may replicate such a con?guration 
change to a group of linked virtual machines. 

[0044] For example, FIG. 2 illustrates a master automation 
service 200 con?gured to replicate changes operations sent to 
a master object 205 on a set of linked computing resources 
250, according to one embodiment. The master automation 
service 200 provides a software application used to manage 
what computing resources are designated as a master object 
205, as well as manage what operations 225 are replicated to 
what data center computing resources 250. As shown, the 
master automation service 200 includes an observer/intercep 
tor component 215 and a task replicator 220. The observer/ 
interceptor component 215 provides a software component 
con?gured to monitor the master object 205 for the occur 
rence of an operation/command 2251. For example, the 
observer/interceptor component 215 may be con?gured to 
monitor network traf?c sent to the master automation object 
205 to identify control messages or commands. Alternatively 
(or additionally) observer/interceptor component 215 may 
monitor the master automation component 205 for changes to 
certain con?guration settings (e.g., a change in the DNS 
server settings). As another alternative, a plug-in, daemon, or 
other software agent on master automation object 205 may be 
con?gured to signal the observer/ interceptor component 215 
when a change occurs to a monitored setting. 

[0045] Other examples of operations 225 which may be 
observed/interceptor by component 215 include sending a 
snapshot operation to a group of virtual machines in data 
center computing resources 250; reverting a group of virtual 
machines to a prior snapshot; updating network con?guration 
settings, such as updating a DNS setting for data center com 
puting resources 250; and creating/con?guring a shared 
attribute for a VLAN in multiple network switches. More 
generally, any command (whether referred to as a command, 
operation, con?guration setting, etc.) that can be sent to or 
performed by the master object 205 is a candidate for being 
replicated to a corresponding group of computing resources 
in the data center computing resources 250. Accordingly, the 
particular set of commands may be tailored to suit the needs 
of a particular case. 

[0046] In one embodiment, after the observer/interceptor 
component 215 determines that an operation/command has 
been performed or has been sent to the master object 205, it 
sends that same command to the task replicator component 
220. In turn, the task replicator component 220 sends or 
performs the same command or operation to one or more of 
the data center computing resources 250 linked to the master 
object 205. 

[0047] For example, assume that the master automation 
object 205 is a virtualized network switch running inside a 
VM instance and a user performs an operation to update a 
DNS server address used by this virtualized switch. When 
observed by the observer/interceptor component 215, the 
update is recognized as one that should be replicated to data 
center computing resources 250 linked to the virtualized 
switch (i.e., master object 205). In turn, the task replicator 220 
performs an operation to replicate the DNS address update to 
network switches 240 and 245 and to computing hosts 2351_ 
2ishown as replicated tasks 230. Note, in this example the 
updates to computing hosts 2351_2 may include updating a 
physical con?guration used by a computing host as well as 
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updates to a con?guration for a virtualized switch or virtual 
machines instances hosted by the computing hosts 2351_2. 
[0048] Additionally, the observer/ interceptor 215 and task 
replicator 220 may maintain a log of what operations are 
performed as well as any errors that occur, e. g., an indication 
that the task replicator 220 was unable to update a DNS server 
address on one of the data center computing resources 250. 
Further, in one embodiment, one of the data center computing 
resources 150 is itself a master object monitored by the auto 
mation service 200. In such a case, operations may be cas 
caded to groups of computing resources linked to distinct 
master automation objects. 
[0049] FIG. 3 illustrates a reference example of a virtual 
machine instance used as a virtual template for a set of linked 
virtual machine instances, according to one embodiment. 
More speci?cally, FIG. 3 illustrates an example of the master 
automation service 200 of FIG. 2 using a virtual machine 
designated as a master automation object, where certain 
changes to the con?guration or state of the virtual machine are 
replicated to a set of linked virtual machines 350. 

[0050] As shown, a virtual template service host 300 pro 
vides a software application running on a physical (or virtual) 
computing system. The virtual template service host 300 is 
generally con?gured to allow users to designate a virtual 
machine as a virtual template 305, link (and unlink) a set of 
VMs 350 to the virtual template 305, and components used to 
monitor/observe for commands or operations applied to the 
virtual template 315. For example, as shown, the virtual tem 
plate service host 300 includes an observer/interceptor com 
ponent 315, a command replication component 320, and a log 
325. 

[0051] The observer/interceptor component 315 provides 
software con?gured to monitor a virtual machine designated 
as the virtual template 305 for a selected set of operations or 
commands that should be replicated to virtual machines 350. 
Illustratively, administrative tools 302 may be used to per 
form a variety of operations to the virtual template 305. For 
example, the administrative tools 302 may be used to create 
(or revert to) a snapshot of virtual template 305, add/remove 
network interface components, join (or un-join) a domain, 
power on/off or reboot a virtual machine, run a command 
against a VM container, or con?gure elements of the guest 
operating system, or delete a running VM. More generally, 
the commands intercepted by component 315 may be initi 
ated by a user in a variety of ways, including, e.g., CLI 
interaction, function calls, GUI input (mouse movement/ 
clicks), procedure calls, message handling, script input/ex 
ecution/output, etc. Of course the particular type or set of 
commands or operations replicated to the set of linked virtual 
machines 350 may be tailored to suit the need of an individual 
case. 

[0052] Further, the service host 300 may also be con?gured 
to discover new VMs that could be linked to virtual template 
305. For example, in one embodiment, the virtual template 
305 may be linked to one (or more) virtual machine (V M) 
templates. Note, in the present context, a VM template refers 
to a template for a virtual machine instance that may be 
spawned on a physical host. Thus, a user may create a virtual 
machine instance from a given VM template and designate 
the resulting virtual machine instance as virtual template 305 
for command replication. Once done, the observer/intercep 
tor component 315 may identify when a new virtual machine 
instance is spawned from the same VM template and recom 
mend that the new VM instance be linked to the virtual tem 
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plate 305 (or automaticity link new instances to the virtual 
template 305). In one embodiment, such a virtual machine 
instance may have any subsequent commands monitored by 
ob server/ interceptor component 315 replicated to that virtual 
machine instance. Altematively however, when a new virtual 
machine instance is spawned and added to the set of virtual 
machines 350, the observer/interceptor component 315 may 
replicate any previously applied commands/operation 
applied to the virtual template 305 (e.g., by parsing log 325). 
[0053] Once the observer/interceptor component 315 
observes a command/ operation sent from administrative 
tools 302 to virtual machine template 305, it sends the com 
mand/operation to command replication component 320. In 
turn, the command replication component identi?es the 
linked virtual machines 330 and sends the command (or per 
forms the operation) on each such virtual machine 330* 
shown in FIG. 3 as replicated commands 340. Additionally, 
the command replication component 320 may record the 
success (or failure) of each command/operation replicated to 
one of the virtual machines 330. 

[0054] FIG. 4 illustrates a method 400 for con?guring a 
master object to use for replicating con?guration and/or state 
changes to a set of linked computing resources, according to 
one embodiment of the present disclosure. As shown, the 
method 400 begins at step 405, where the automation service 
identi?es a computing resource to designate as a virtual tem 
plate for command replication. For example, a user may 
interact with the software provided by the automation service 
to select a virtual machine instance (or spawn a new virtual 
machine instance) to act as the virtual template for command 
replication. As noted, in addition to a virtual machine instance 
other data center infrastructure, such as a switch or router 
(virtual or physical) may be designated as a master object for 
command replication. 
[0055] At step 410, the user speci?es a group of virtual 
machines (and/or other computing resources) to link to the 
master object. Alternatively (or additionally), the discovery 
service may identify a set of candidate virtual machines 
instances to link to the virtual template. At step 415, the user 
may specify a set of operations, commands, con?guration 
setting values, or other actions that may be carried out on the 
master object designated at step 405 that should be replicated 
to the set of computing resources identi?ed at step 410, when 
performed against the master object. At step 420, the auto 
mation service may monitor the master object for any of the 
commands, operations, etc., identi?ed at step 415. For 
example, as described, an interceptor/observer component 
may monitor a virtual template for commands sent from an 
administrative or con?guration tool. Further, once observed, 
the command is past to a command replication component 
which, in turn, replicates the command to one or more of the 
linked computing resources (e. g., replicates the command to 
a set of linked virtual machines). 
[0056] FIG. 5 illustrates a method 500 for replicating 
changes made to a master object to a group of linked com 
puting resources, according to one embodiment. The method 
500 illustrates an example embodiment of step 420 of the 
method 400 shown in FIG. 4. 

[0057] As shown, the method 500 begins at step 505, 
wherein the observer/ interceptor component monitors for a 
command sent to virtual machine instance designated as a 
virtual template (or sent to other designated master object). 
After monitoring a command (or other operation) sent to the 
virtual template, at step 515, the observer/interceptor compo 
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nent determines whether the command is one that should be 
replicated to one or more linked objects, e.g., a set of virtual 
machines linked to the virtual template. If so, the interceptor/ 
observer component sends the command to the command 
replication component. In turn, at step 520, the interceptor/ 
observer component replicates the command to each linked 
virtual machine (or other computing resource). At step 525 
the automation service determines whether the command was 
successfully replicated to each virtual machine. If not, at step 
525, an exception or error is raised or written to the log. If so, 
then the authorization service may record an entry in the log 
re?ecting that replication to each linked virtual machine (or 
other computing resource) was performed successfully. 
Thereafter, the method 500 returns to step 510, where the 
automation service continues to monitor the virtual template 
for additional commands to be replicated. 
[0058] Advantageously, as described above, embodiments 
of the invention provide a mechanism to manage virtual 
machine instances (V Ms) and other data center systems. In 
one embodiment, a user designates a computing device or 
resource (whether physical or virtual) as a master automation 
object. The administrator then establishes an association 
between the master object and a set of physical and/ or virtual 
computing resources that should replicate a set of designated 
commands or con?guration operations sent to the master 
object. An automation service then intercepts/observes com 
mands sent to (or operations performed on) the master object 
and sends the intercepted/observed commands to each com 
puting device linked to the master object. 
[0059] Various embodiments of the present disclosure may 
be implemented as a program product for use with a computer 
system. The program(s) of the program product de?ne func 
tions of the embodiments (including the methods described 
herein) and can be contained on a variety of computer-read 
able storage media. Illustrative computer-readable storage 
media include, but are not limited to: (i) non-writable storage 
media (e.g., read-only memory devices within a computer 
such as CD-ROM disks readable by a CD-ROM drive, ?ash 
memory, ROM chips or any type of solid-state non-volatile 
semiconductor memory) on which information is perma 
nently stored; and (ii) writable storage media (e.g., ?oppy 
disks within a diskette drive or hard-disk drive or any type of 
solid-state random-access semiconductor memory) on which 
alterable information is stored. 

[0060] The invention has been described above with refer 
ence to speci?c embodiments and numerous speci?c details 
are set forth to provide a more thorough understanding of the 
invention. Persons skilled in the art, however, will understand 
that various modi?cations and changes may be made thereto 
without departing from the broader spirit and scope of the 
invention. The foregoing description and drawings are, 
accordingly, to be regarded in an illustrative rather than a 
restrictive sense. 

[0061] While the foregoing is directed to embodiments of 
the present disclosure, other and further embodiments of the 
present disclosure may be devised without departing from the 
basic scope thereof, and the scope thereof is determined by 
the claims that follow. 

1. A method for managing computing resources, compris 
ing: 

monitoring a designated computing resource for an occur 
rence a speci?ed command to be performed by the des 
ignated computing resource; 
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upon determining the command has been sent to the des 
ignated computing resource: 
identifying one or more computing resources linked to 

the designated computing resource, and 
performing the speci?ed command on each of the one or 
more computing resources linked to the designated 
computing resource. 

2. The method of claim 1, wherein the designated comput 
ing resource is an instance of a virtual machine designated as 
a virtual template for command replication. 

3. The method of claim 2, wherein the instance of the 
virtual machine designated as the virtual template is spawned 
from a virtual machine template, and wherein further 
instances spawned from the virtual machine template are 
added to the one or more computing resources linked to the 
virtual template. 

4. The method of claim 2, wherein at least one of the one or 
more computing resources linked to the designated comput 
ing resource comprises a second virtual machine designated 
as a second virtual template for command replication. 

5. The method of claim 2, wherein the command comprises 
a command for con?guring the virtual machine instance des 
ignated as the virtual template. 

6. The method of claim 2, wherein the command comprises 
a command for con?guring a guest operating system hosted 
by the virtual machine instance designated as the virtual 
template. 

7. The method of claim 1, wherein the designated comput 
ing resource comprises one of a network switching device and 
a network routing device. 

8. The method of claim 1, wherein one or more of the linked 
computing resources comprise a virtual machine instances 
executing on a host server. 

9. The method of claim 1, further comprising, recording an 
indication of whether the speci?ed command is successfully 
performed on each of the one or more computing resources 
linked to the designated computing resource. 

10. The method of claim 1, wherein the command is initi 
ated as one of a CLI interaction, function calls, GUI input, a 
procedure call, message handling, script input/execution/out 
Put, 

11. A computer-readable storage medium comprising 
instructions that, when executed in a computing device, for 
managing computing resources, by performing the steps of: 

monitoring a designated computing resource for an occur 
rence a speci?ed command to be performed by the des 
ignated computing resource; 

upon determining the command has been sent to the des 
ignated computing resource: 
identifying one or more computing resources linked to 

the designated computing resource, and 
performing the speci?ed command on each of the one or 
more computing resources linked to the designated 
computing resource. 

12. The computer-readable storage medium of claim 11, 
wherein the designated computing resource is an instance of 
a virtual machine designated as a virtual template for com 
mand replication. 

13. The computer-readable storage medium of claim 12, 
wherein the instance of the virtual machine designated as the 
virtual template is spawned from a virtual machine template, 
and wherein further instances spawned from the virtual 
machine template are added to the one or more computing 
resources linked to the virtual template. 
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14. The computer-readable storage medium of claim 12, 
wherein at least one of the one or more computing resources 

linked to the designated computing resource comprises a 
second virtual machine designated as a second virtual tem 
plate for command replication. 

15. The computer-readable storage medium of claim 12, 
wherein the command comprises a command for con?guring 
the virtual machine instance designated as the virtual tem 
plate. 

16. The computer-readable storage medium of claim 12, 
wherein the command comprises a command for con?guring 
a guest operating system hosted by the virtual machine 
instance designated as the virtual template. 

17. The computer-readable storage medium of claim 11, 
wherein the designated computing resource comprises one of 
a network switching device and a network routing device. 

18. The computer-readable storage medium of claim 11, 
wherein one or more of the linked computing resources com 

prise a virtual machine instances executing on a host server. 

19. The computer-readable storage medium of claim 11, 
wherein the steps further comprise, recording an indication of 
whether the speci?ed command is successfully performed on 
each of the one or more computing resources linked to the 
designated computing resource. 

20. A computing system for managing computing 
resources in a computing environment, comprising: 

a server hosting an automation service, wherein the auto 
mation service includes: 

an interceptor/observer component con?gured to: 

monitor a designated computing resource within the 
computing environment for an occurrence of a 
speci?ed command to be performed by the desig 
nated computing resource, and 

upon determining the command has been sent to the 
designated computing resource, sending an indica 
tion of the command to a replication component; 
and 

the replication component, wherein the replication com 
ponent is con?gured to: 

identify one or more computing resources linked to 

the designated computing resource, and 

perform the speci?ed command on each of the one or 
more computing resources linked to the designated 
computing resource. 

21. The system of claim 20, wherein the designated com 
puting resource is an instance of a virtual machine designated 
as a virtual template for command replication. 

22. The system of claim 21, wherein the instance of a 
virtual machine designated as the virtual template is spawned 
from a virtual machine template, and wherein further 
instances spawned from the virtual machine template are 
added to the one or more computing resources linked to the 
virtual template. 

23. The system of claim 20, wherein the designated com 
puting resource comprises one of a network switching device 
and a network routing device. 

24. The system of claim 20, wherein one or more of the 
linked computing resources comprise a virtual machine 
instances executing on a host server. 
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25. The system of claim 20, wherein the replication com 
ponent is further con?gured to record an indication of 
Whether the speci?ed command is successfully performed on 
each of the one or more computing resources linked to the 
designated computing resource. 

* * * * * 
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